STATION WWV, LOCATED NEAR WASHINGTON, D. C., AND OPERATED BY THE BUREAU OF STANDARDS ON A 24-HOUR SCHEDULE

WWV STANDARD EREQUENCY BROADCASTS

]'HE progress of the radio industry in
the use of high frequencies, and the
aowding of more and more services into
the various hands has increased the need
for and the use of extremely accurate
fequency-measuring equipment. And as
tlerances have been steadily decreased.
alibrating means of an extremely high
ader of accuracy have become an essen-
tial facility in factories, laboratories. aud
feld instaliations.

Radio station WWY, operated by the
Centrad Ruvclior Propagation Laboratory of
th.e National Bureau of Standards. at
Nashington, . €., provides primary fre-
Weney  standards for calibration and
Beasurement purposes by the transmis-
ilO-ll of eight radio frequencies. These are:
*.5010. 15, 20, 23, 30, and 35 me. Seven
or More trunsmitters are on the air at
Wl ties, day and night. This insures re-
lible coverage of the United States. and
Nensive coverage of other parts of the
worl |,

_ ‘Th(‘ accompanying photographs show
4 ‘ :\"‘1{‘\1)1 the details of the installation at
¢ 4 Sy :
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propagation disturbance warnings, is a
quartz crystal unit with a series-resonance
frequency of approximately 100.000 ¢y
cles per second. Using vacuum-tube cir-
cuits. the crystal oscillates continuously,
and the resulting frequency is multiplied
and divided to give the appropriate fre-
quencies for the five services. Three
separate erystal units and associated ap-
paratus are maintained at the station.
As the entire service depends upon the
maintenance of constant frequency. the
crystal units are sealed in painstakingly
msulated boxes and kept in a vault ap-
proximately 25 ft. below the surface of
the carth, under conditions of constant
temperature and humidity,

The national standard of frequency, of
which the National Burcau of Standards is
the custodian, is fundamental to much of

the work in radio. electronics, and acous-
ties, and in other fields where measure-
ments require accurate frequencies.
Any desired frequeney, ineluding those
throughout the microwave region. can
be preeisely measured. by reference to the
stamdards broadeast by the station, with
the aid of one or more auxiliary oscilla-
tors, harmonic  gencrators., and radio
receivers. The accuracy of each of the
transmitted radio and audio freguencies

- formerly FM . and FM Rapio-FLecTRONTO S

How the Central Radio Propagation Lahoratory of the Nafional Bureau of Standards
Makes Primary Frequency Standards Available to the Radio Industry

1s better than 1 part in 30 million. All the
transmitters operate with vertical. non-
directional antennas.

The services provided by WWY trans-
missions are: 1) standard radio frequen-
cles, 2) time announcements, 35 standard
tune intervals, 4) standard audio fre-
quencies, 3) standard musical pitch, 440
cyeles per second, corresponding to A
above middle C, 6) radio propagation dis-
turbance warning notices. All of the
frequencies are useful for field-intensity
recording by persons interested in studies
of radio propagation. The four highest
frequencies  are broadeast  particularly
for this purpose. The radio frequencies
and other data are:

Out pud
Me. ENT N AF
2.5 700 pa to 9:00 a1 H0 eyeles

T:00 pan to 700 A 100 440

Bl

S 700 AL to T:00 P 100 440 and 4000
H] continuous 1. $40 and 4000
I3 continuously 10, 340 and 000
20 continuously 0.1 440 and 4000
23 continnously 0.1 +40 and 4000
30 continuously 0.1 440
35 continuously 0.1 440

The station call letters and- other an-
nouncements in voice are given each
hour and half hour.
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Time Announcements * The audio frequen-
cies are interrupted precisely on the hour
and each 5 minutes thereafter. Following
an interval of precisely 1 minute, they
are resumed.

The beginnings of the periods. when
the audio frequencies are interrupted,
are in agreement with the basic time serv-
ice of the UL S. Naval Observatory. so that
they mark accurately the hour and the
successive J-minute periods.

Eastern standard time is announced in
telegraphic code each 5 minutes. This pro-
vides a quick reference to correct time
where a timepicce may be in error by a
few minutes. The 0- to 24-hour system is
used. starting with 0000 at midnght.
The first two figures give the hour and

CLOSE-UP OF ONE OF WWV'S TRANSMITTERS

the last two figures give the number of
minutes past the hour. For example. at
4:553 par. or 16553 EST, four figures (1. 6.
5, and 3) are broadcast in code. The time
announcement refers to the.start of an
announcement interval. ic.. when the
audio frequencies are interrupted, It oc-
curs immediately after the beginning
of cach 5-minute interval. At the hour
and half-hour it is followed by the station
announcement in voice.

Standard Time Intervals  There is on cach
carrier frequeney a pulse of 0.005 second
duration which occurs at intervals of pre-
cisely 1 second. The pulse consists of 3
cveles, each of 0,001 socond duration.
and is heard as a faint tick when listening

THE RF STAGE IS AT THE LEFT, WITH TH

INTERIOR VIEW OF STATION WWV, SHOWING FOUR OF THE TRANSMITTERS FOR BROADCASTING PRIMARY-STANDARD FREQUENGIES

to the broadeast: it provides a usefy
standard time interval. for purposes of
physical measurements. and for quick
and accurate measurement or calibration
of timing devices and very low frequeney
oxcillators. It can be used a< an accurate
time signal. On the 39th sccond of every
minute. the pulse is omitted. The 1-
minute, $-minute, and S-minute intervak
synchronized with the seconds pulses, are
marked by the beginning or ending of
the periods when the audio frequencies
are off.

A time interval of [ sccond marked
by the pulse is aceurate. as transmitted.
to 1 microsecond (0.000001 second), An
interval of 2 minutes or more ix acenrate
to 1 part in 50,000,000,

E AF AMPLIFIER IN THE CENTER SECTION
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-y ]-minule interval 1s provided in
e give Lime and station announce-

,‘;41 to afford an interval for the
als of radio-frequency  measure-
o from the presence of the audio

» { Audio Freguencies * Two standard
. ﬁ-pqucm'ivi. 440 cyeles per second
ﬁ‘;m() eveles per second. are broad-
'i‘ht“' are given on radio carrier fre-

-« ax shown in the table.
pwo standard andio frequencies are
| for accurate mezlsurvme}\t or cali-
Son of instruments operating n the
s o supersonic regions of the fre-
v spectri. They may also be used

B‘A.umto measurement of short time
‘a . o .
The accurae) of the audio lr(‘qucn('w_s‘
(rausmittvd is better than a purt in
§00.000. Fransmission effects in the
wm (Doppler effect, ete) may result
§ times i slight fluctnations in the
dio frequencies as received. The aver-
e frequency received 1s. however. as

® yourate as that transmitted.

wﬂ Musical Pitch * The frequency of
@ cycles per second s the standard
msical pitch, A above middle C. Tt is
: goadcast for 4 minutes and interrupted
ke 1 minute. This sequence 1s repeated
matinvously on each of the radio carrier
; hequencies. This service is useful to mu-
guns and those concerned with the
muufacture or maintenance of musical
‘gtruments. Since 1925, the standard in
e music indnstry of the UL S, has been
H evcles,

bl Propagation Disturbance Warning Notice *
dxaming of radio propagation conditions
#broadeast in code on cach of the stand-
ndio carrier frequencies at twenty
od fifty minutes past the hour. It a
nming is in effect. a series of W's. in
telegraphic code. follow the time
rlmiuncemcnt: if no warning is in effect,
#ries of N's follows the time announce-

warning means that radio propaga-
W disturhance is anticipated within 12
S, O Is i progress. with its most
e effects on radio trausmission paths
g the North Atlantic: ie. those
s fm‘ which the control points of
Mission lic in or near the northern
fl zone. Rudio propagation disturb-
%15 characterized by low intensities.
SWhanied by flutter or rapid fading
® Normal frequencies nsed at the
Bt times of the day. or by complete
Kt of siguals. By shifting to lower-
mal frequencies for that time
A 'illt may he I)ofsibl(' to get signals
B although with lower-than-nor-
m Y. Owing to inereased auroral-
ption during the disturbance.
e t‘r;t .nn.y\'.]w impossible to hz.u‘v
3 v n»‘llll.\\']l{ll on ;m:\' hlg]l fre-
Yo Also. during a period of radio
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propagation disturbance, direction-finder
observations may be unreliable,

If no warning is in effect, satisfuctory
transmission should be possible on the
normal frequencies.

The usnal daily time for changing the
announced warning is 2100 GMT (4 p.ar.,
EST). The warning is, however, issued at
any  hour when disturbance becomes
noticeable or anticipated. The announce-
ment is returned to normal whenever con-
ditions seem quiet. Thus any time a radio
operator questions reception on North
Atlantic paths, it would be advisable to
check with the WWYV announcement to
see whether conditions are considered by
the Bureau sufficiently disturbed to make
a warning desirable.

Some one of the frequencies of WWV
should be receivable at every location in
the United States. Only during very
severe storms would reception of WWV
within the continental United States be
difficult. For some Canadian or other
users for whom the transmission path
from WWY enters into or near the nerth-
ern auroral zone, it may be impossible to
receive any of the WWY frequencies at
usable intensitics during even moderate
storms. It is probable. if no WWV fre-
quency can be heard at hours when nor-
mally audible, that a warning is in effect.

The use of WWY for issuing the Bu-
reau’s North Atlantic radio disturbance
warning makes the service available to
all users of high-frequency receivers. The
service should be of use in explaining or
anticipating radio propagation conditions
existing over North Atlantic States during
severe radio propagation disturbances.

The radio disturbance warning does not
apply to sudden ionospheric disturbances,
which are unpredictable, These occur only
at times when at least part of the trans-
mission path is in sunlight. This type of
disturbance is characterized by the re-
ceived Intensity dropping to zero, very
rapidly, usually within a minute or so.
and remaining out from a few minutes to
two hours. The effect is greater on the
lower high frequencies. and on paths close
to the equator or whose control points
are close to noon. Usnally the only trans-
mission possible during a sudden iono-
sphere disturbance isby VLF or by ground
waves over short paths. The use of the
highest frequency available, as long as it
15 below the maximum usable frequency
for the path in question. may shorten the
duration of the fadeout. During the next
few wyears. while approaching sunspot
maximum. these sudden ionosphere dis-
turbances will increase in intensity and
frequency of occurrence. They are caused
by eruptions on the sun, more of which
are observed during the yvears around sun-
spot maximum.

(CONCLUDED ON PAGE 44)

TOP: TRANSMITTER OUTPUT STAGE. CEN-

TER: AF AND TIME-INTERVAL GENERATOR.

BOTTOM: CHECKING MODULATION} AD-
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(CONTINUED FROM PAGE 27) I]]“‘

Distance Range of Reception % Of the radio
frequencies on the air at a given time, the
lowest provides service to short distances,
and the highest to great distances. Re-
liable reception is in general possible at
all times throughout the United States
and the North Atlantic Ocean, and fair
reception throughout the world:

A. By tuning to the different frequen-
cies and selecting the one most suitable at
that time. For nighttime conditions over
the propagation path, lower frequencies
than those used during the day are usu-
ally necessary because of skip, but re-
ceived intensities on those frequencies
are much greater than for daytime con-
ditions.

B. By making use of techniques of pre-
diction of usable frequencies.

In spite of the great number of varia-
bles affecting radio wave propagation and
distance range, techniques exist for the
prediction of usable frequencies over any
specific path during any future month.
By means of such techniques and the
Central Radio Propagation Laboratory's
forecast service, it is possible for a user to
prepare for his locality a graph or table
showing the best frequency for any period
of the day in any month, three months in
advance. Monthly publications giving
these techniques and forecasts! can be

!*Busic Radio Propagations Three Months in
Advance” available from the Superintendent of
Documents, U. S. Government Printing Office, Wash-
ington, D. C. 15¢ per copy, or $1,50 per vear.

Z-ANGLE METER

Some surprising discrepancies between
calculated and actual characteristics of
elements in radio circuits are being dis-
closed by measurements made with the
new z-angle meter. A development of
Technology Instrument Corporation,
1058-F Main Street, Waltham, Mass.,
this instrument is designed to measure
the impedance and phase angle, over a
range of 30 to 20,000 cvcles, of such
components as loudspeakers, micro-
phones. transformers. transmission lines,
phonograph pickups, and input and out-
put circuits of amplifiers.

Balanced adjustment is accomplished
by a single knob carrving a scale cali-
brated directly in impedance. Phase angle
is shown hy a direct-reading meter. Sup-
plementary scales are provided on the
dial to indicate the dissipation factor D of
condensers and the storage coefficient ¢
of inductors. Also, to indicate whether
the phase angle is leading or lagging. a
button is provided to eut in an additional
condenser. The sign of the phase angle.
therefore. is determined by noting the
direction of the resultant change in phase
angle reading.

The instrument covers .5 to 100.000
ohms impedance in 4 ranges, accurate to
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obtained by writing to Central Radio
Propagation Laboratory, National Bu-
reau of Standards, Washington 25, D. C.

For continuous 24-hour reception with-
out a break, the use of more than one re-

ceiver and antenna is necessaryv. With
skilled operators to anticipate times for
frequency shifting, and with schedules
prepared as under (B) above as a guide,
it may be possible in some cases to oper-
ate continuously with two receivers. For
maximum certainty of reception, it is
necessary to employ as many receivers as

OSCILLOSCOPE VIEW OF 400 AND 4,400 CYCLES AS TRANSMITTED FROM wwy

= 1% over the main decade on each
scale. As a general-purpose laboratory
instrument, the readings cover .5 to 100.-
000 ohms, 5 microhenries to 500 henries.
.001 to 10.000 mfd.. as well as Q of .1 to

Z-ANGLE METER READS IMPEDANCE AND
PHASE ANGLE AT 30-20,000 CYCLES

there are receivable Wy freque

the location. leaving them all in Oenm“ ,
continuously and <-uml)ining thp? iy
puts. et
The Burean welcomes reports gy

tion, methods of use, or special applieas;
tions of the service, particularly wik
reference to the higher frequencies whi
have been added recently. Correspod:
ence should be addressed to: Centnd
Radio Propagation Laboratory, Na
Bureau of Standards, Washington |

D.C.

10 and D of 10 to .1 hy direct readisg

For impedance measurements, a b3
anced amplifier and V'I' voltmeter s
used to provide a null balance. Only e
impedance halance is required to read e 3
value in ohms from the dial, When ti
balance is obtained, the voltages srt®
the resistance standard and unknown #
pedance, and across the outputs of
balanced amplifier are equal in magn
but not in phase. However. whet
outputs of the balanced amplifier "
switched to parallel connection, the ®
sulting voltage is a dircet measure &5
phase angle of the unknown imp(_‘d“‘“‘ 3
Thus the VT voltmeter can be ('31'!’
in degrees of the phase angle. This :
shows @ = Tangent 8. and D = ool E
gent 4. 3

EMPLOYEE EDUCATION

spend $1.000.000 on employee
One-fourth of this will he use
Student Engineer or Test Cf’“.'*’~
which 8.000 employees are partic! uﬂ‘
Over 400 others will tuke the ust
Training Course in accounting
ness administration, Altoge t
courses are conducted thr"“ghm;.
Company’s six operating departm®

and
ther
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